Some years ago a group of experimentalists (l-3) observed that the scouring of cattle on the so called "teart"
pastures of England could be traced to the high molybdenum content of the soil and herbage. Feeding molybdenum salts reproduced the symptoms. Subsequently it was found t:hat feeding copper sulfate as a drench prevented or cured the condition. Apparent.ly a similar high molybdenum area is present in California (4). Tn Australia, further evidence of the rBle of copper in molybdenosis was discovered (5) . Molybdenum fed to sheep and cattle caused loss of liver copper even when the copper intake in the diet was increased.
Recently several other interesting interactions between nutritional elements have appeared.
Thus it was found (6) that copper will counteract t,he anemia caused by feeding zinc to rats. It is also claimed (7) that arsenic and manganese fed in addition to iron and copper salts will allow greater hemoglobin production in rats on a milk diet than when only iron and copper are added as the mineral supplement.
It is clear from these studies that the toxicity, deficiency, metabolism, etc., of one element, at least in herbivorous animals, may be profoundly influenced by the levels of certain of the ot,her elements of the diet.
Molybdenum has been fauna capable of combining with catechol in a 1: 2 molar ratio (8). It was shown that such a combination reduced t,he toxicity of catechol for bacteria, thus allowing proliferation of the microorganisms in an otherwise t,oxic concentration of catechol. It was suggested that these reactions could account for the dia.rrhea seen in cat,tle suffering from molybdenosis.
This paper shows that molybdenum in the form of sodium molybdate retards the growth of rats on a purified ration.
The molybdenum toxicity can be overcome by feeding larger amounts of copper as copper sulfate or by the incorporation into the diet of 5 per cent whole liver substance but not by feeding higher levels of iron, zinc, or cobalt.
In another experiment the fate of a given dose of molybdenum (labeled with radioactive Mogg) when fed either alone or with copper or catechol was investigated. 1. Growth retardation in rats fed a purified diet containing molybdenum (Na2M00,.2Hr,0).
A, diet without MO (control); 0, diet contained 50 mg. per cent of MO; 0, diet contained 100 mg. per cent of MO; X, diet contained 500 mg. per cent of MO. aminobenzoic acid, 50 mg. of folic acid, and 20 mg. of biotin. The fatsoluble vitamins were given twice each week with a dropper. To this diet MO in the form of NazMo04.2H20 was added to give final concentrations in the diet of 0.00 (control), 50, 100, and 500 mg. per cent of MO. Fig. 1 shows the growth curves for these rats over a 4 week period. All four rats receiving 500 mg. per cent of MO died shortly after the 1st week. There was no indication of diarrhea and an autopsy did not reveal any gross abnormalities in individuals from any group other than extreme emaciation. Further, a blood examination by the routine methods gave an apparently normal picture for red blood cells, white blood cells, hematocrit, and hemoglobin. 
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From consideration of the growth curves reproduced in Fig. 1 , it was decided that for an experiment designed to test the counteraction of molybdenum toxicity a series of rats fed a level of 40 mg. per cent of MO should prove satisfactory.
In view of the remarkable, and somewhat puzzling, interaction among various nutritional elements which was described briefly above, it was decided to test the effect of copper and iron alone and then, in a single 2. Growth effect in rats of various minerals and whole liver substance added to a purified diet containing 40 mg. per cent of molybdenum (NarMoOa-2HeO). experiment, to include copper, iron, zinc, and cobalt in rations containing 40 and 80 mg. per cent of MO, The copper was added as CuSOd*5HzO, the iron as Fe2(S0&, the zinc as ZnC%, and the cobalt as CoC12*6H20. The effect of whole liver substance was also investigated.
The basal ration was identical to that used above and was again fed ad l&turn to four rats in each group. In this ration the various substances were intimately mixed in the concentrations indicated in Fig. 2 It is apparent that 5 per cent whole liver substance contained some factor which was absent from the purified ration.
Most recent work on the nutrition of the rat supports this view (see the paper by Jaffe and Elvehjem (9)). The addition of iron alone did not prevent the toxicit,y of molybdenum.
However, the addition of '2 mg. per cent of Cu either alone or together with iron, zinc, and cobalt gave an average gain of 28 gm. at the end of G weeks. The weights of the individual rats receiving 40 mg. per cent of MO plus 2 mg. per cent of Cu plus the basal diet were 185, 189, 194, and 203 gm., while those receiving 40 mg. per cent of MO plus the basal were 150, 166, 170, and 182 gm. at the end of this period.
The group receiving 5 per cent whole liver substance plus 80 mg. per cent of MO again showed no growth retardation. The remaining rats fed this level of molybdenum grew very poorly, including those fed 2 mg. per cent of Cu.
It was next decided to att.empt to trace, as cmantitatively as possible, the fate of a given dose of molybdenum and to st,udy the influence of a simultaneous dose of copper or catechol.
;Uthough various methods are available for t#he determination of molybdenum in biological materials (lo), the use of a radioactive tracer has an obvious advaatage in that the preexisting molybdenum in t,he various tissues does not interfere. Further, the detection of a radio element leaves little to be desired from the point of view of sensitivity of measurement. A sample of Baker's molybdic oxide (MO%) which had been irradiated wivith neutrons was obtained from the Monsant,o Chemical Company.
The sample assayed 99.9 per cent >I003 and contained the following impurities: SOa 0.003 per cent,, PO, 0.0005 per cent, insoluble in XI&OH 0.007 per cent. In the irradiation process apparently only the stable MO!'" isotope undergoes a nuclear reaction (12, 7) to give the radioactive MO"" isotope. This element decays with a 1.3 m.e.v. p and 0.77, 0.82, 0.84 m.e.v. y emission to technetium (aTegg). The half life is 67 hours.
The sample of radioactive molybdic acid (10.0000 gm.) was dissolved in a stoichiometric amount of concentrat,ed sodium hydroxide and the neutral sohltion diluted to 50 ml. From this master solution various subdilutions were prepared for feeding experiments and for constructing the counting standards.
The element was introduced into the back of the throat in 0.5 ml. of solution from a hypodermic syringe fitted with a blunt needle. in the first experiment twelve rats were each given 13.34 mg. of the radiomolybdenum.
Six of t.hese were then immediat,ely given 0.5 ml. of a solution of copper sulfate cont,aining 5.00 mg, of copper.
,2fter intervals of npproximatcly 24 hours, 1 day, ant1 2 days, respectively, two rats from each group were sacrificed, :lud the tissues weighed in tared porcela,in crucibles and PXXIANDS, STRONG, AND ELVERJEM
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:Lshed in a muffle furnace after cannelizing at! 100°. The ash was weighed. dissolved or suspended as evenly as possible in concentrated hydrochloric acid, and an a,Iiquol transferred to n 50 mm. lead dish. 'I 'he samples were dried ttt 100" and their rtttlioactivity mouarred with an Instrument .Development Laboratories counter.
The activity was corrected for decay and ash absorption.
The la,tt>er correction was obtained from a curve representing per rent recovery per mg. of ash. The urine and feces, its well as the various tissues, were counted for those rats on the test 2 days. The resu1t.s are given in Table I .
In a second experiment twice as much molybdenum wa.s fed (26.68 mg.) to three rats. To t~vo of these was then immediately given 0.5 ml. of a solution of catechol containing 6.09 mg. of t'he alcohol.
;2ccording to the t,heory discussed above (8) Ohis should suffice to combine with approximately 10 per cent of the ingest.ed molybdenum.
Higher levels of catechol are toxic.
The three rats were sacrificed after 1. day and the tissues, feces, and urine counted in the usual way. The result,s are shown in Table  II .
It is evident that a considerable portion of the ingested MO is rapidly absorbed and rapidly excret.ed. The high levels in the feces show that, much of the element may never leave the alimentary canal. -Uthough the animals were fasted for 24 houis prior to administration of the molybdenum, the varying amounts of food in the stomach and intestine may account fol the variable degrees of absorption.
Aside from the stomach and intestine, t.he tissues followed a fairly regular scheme of rather rapid elimination of the element.
The figures in Table I do no6 show any obvious effect of copper fed in this way. In Table II there is some indica,t,ion t,hat the feeding of catechol may delay the eliminat'ion of the element. After 2 days (Table I ) the highest concentration of molybdenum was in the bones and kidneys. This is in agreement with certain experiments on inert molpbdenum (11) .
Since, as the above experiment iIlustrat.es, a considerable fraction of the molybdenum is not absorbed, there is a very real possibility that it has formed a less soluble complex with certain substances in the alimentary canal.
On the other hand molybdenum could probably combine with other substances in such a way that its toxicity would be 1oIvered without appreciably influencing its rate of absorption and elimination. Copper and molybdenum may foml the rather poorly characterized insoluble copper molybdate.
In a study of the precipitation of molybdate (12) it, was found that in the potentiometric titration of copper sulfate with r;odium molybdate a precipitate began to form at pH 5.28. The composition of the copper molybdate precipitate was found to be I.. 44.21 gm. of this salt were weighed and diluted to 100 ml. with distilled water. 10 ml. of this solution contained 1.7613 gm. of copper. Exactly 10 gm. of molybdic oxide containing Mogg were dissolved in sodium hydroxide and the stoichiometric amount of sodium hydroxide added. The neutral solution, after dilution to 50. ml., contained 1.334 gm. of molybdenum per 10 ml.
10 ml. of the copper solution were added dropwise with occasional stirring to 10 ml. of the MO solution.
The reaction, which took about 1 hour, was conducted at a temperature of 37" f lo in a water bath. The pea-green precipitate was filtered off, resuspended in hot water, and again filtered. The preparation was dried at 100" overnight, and the cake pulverized and dried for another 4 hours at the same temperature.
The final yield of the dried green powder was 2.3589 gm. A copper analysis by the standard thiosulfate method gave a Cu content of 30.G9 per cent (29.87,30.31; average 30.09).
The MO analysis was carried out after dissolving a small, carefully weighed quantity of the unknown in concentrated nitric acid, by measurements of its radioactivity. On the other hand it is extremely unlikely that in the body of the rat MO will combine only with CU. Indeed the data in Table II suggest a slower elimination of MO when fed with catechol.
If molybdenum complexes were formed with the substances present in the alimentary canal, as suggested by the English workers, one might expect rather irregular degrees of absorption from the digestive tract.
Such irregularities can be seenin the MO analyses reported in Table I for the stomach and intestine but not for the other tissues of a more definite chemical composition.
The recovery of radioactive molybdenum was quite low. Even in those cases in which urine and feces were collected the total recovery did not exceed 50 per cent. 'Seepage into porcelain crucibles, adherence to metal cages, etc., are probable avenues for losses.
Whole liver substance is of such complex constitution that its powerful r81e in the counteraction of molybdenum toxicity is difficult to elucidate. The copper content of dried whole liver substance is not sufficient to account for its therapeutic effect.
On the other hand the combined effect of its copper content, growth stimulation on this purified ration, and its improvement of the general nutrition of the animal might account for its antagonism to molybdenum toxicity.
SUMMARY
The toxicity of molybdenum when fed as sodium molybdate in a purified ration has been studied with rats.
A level of 500 mg. per cent resulted in death after the 1st week, whereas levels of 100 and 50 mg. per cent permitted greatly reduced growth rate.
In these rats there was no obvious gross pathology or change in blood picture. Other minerals such as iron, zinc, or cobalt appeared to be without effect on MO toxicity, but whole liver substance afforded a marked degree of protection. By means of radiomolybdenum (Mogg) as a tracer the fate of a given dose of molybdenum was determined. Analysis of various tissues at 2s hours, 1 day, and 2 days revealed most of the element to be in the stomach, intestine, feces, and urine.
At the end of 2 days the kidneys and bone contained slightly higher levels per gm. than the other tissues examined. The simultaneous administration of a dose of Cu did not influence the distribution of molybdenum. However, all tissues from two rats fed a simultaneous dose of catechol contained considerably more MO after 1 day than the control group which received only molybdenum.
A copper molybdate was prepared which assayed 30.09 per cent Cu and 28.51 per cent MO. Jt is suggested that the toxicity of molybdenum may be neutralized to at least some extent through combination with certain substances, including copper, of the diet. 
